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ABSTRACT
Wikipedia is one of the most successful online knowledge
bases, attracting millions of visits daily. Not surprisingly,
its huge success has in turn led to immense research interest
for a better understanding of the collaborative knowledge
building process. In this paper, we performed a (terror-
ism) domain-specic case study, comparing and contrast-
ing the knowledge evolution in Wikipedia with a knowledge
base created by domain experts. Specically, we used the
Terrorism Knowledge Base (TKB) developed by experts at
MIPT. We identied 409 Wikipedia articles matching TKB
records, and went ahead to study them from three aspects:
creation, revision, and link evolution. We found that the
knowledge building in Wikipedia had largely been indepen-
dent, and did not follow TKB - despite the open and online
availability of the latter, as well as awareness of at least
some of the Wikipedia contributors about the TKB source.
In an attempt to identify possible reasons, we conducted
a detailed analysis of contribution behavior demonstrated
by Wikipedians. It was found that most Wikipedians con-
tribute to a relatively small set of articles each. Their con-
tribution was biased towards one or very few article(s). At
the same time, each article's contributions are often champi-
oned by very few active contributors including the article's
creator. We nally arrive at a conjecture that the contri-
butions in Wikipedia are more to cover knowledge at the
article level rather than at the domain level.
Categories and Subject Descriptors
H.1.2 [Models and Principles]: User/Machine Systems|
Human information processing ; H.3.7 [Information Stor-
age and Retrieval]: Digital Libraries|User issues
General Terms
Experimentation
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1. INTRODUCTION
Since its creation in 2001, Wikipedia has grown rapidly
into one of the largest online knowledge bases, attracting
millions of visits daily as of 2009. The great success has
gained much research interest on various aspects of Wikipedia
including the motivation of contributing to Wikipedia [15,
17], the structure/evolution of the network [2, 14], the qual-
ity/evolution of articles [10, 12], and the relationship be-
tween contributors [5, 25], to name a few. Wikipedia has
also become an important knowledge base to support a wide
range of applications evidenced by the long and yet incom-
plete list of research output in Wikipedia.1 Moreover, Gart-
ner, the Wall Street Journal and Business Week have identi-
ed Wikipedia as an up-and-coming technology to support
collaboration within and between corporations [8, 11, 13,
19, 22]. It has been increasingly used by companies and
organizations, such as Adobe Systems, Amazon.com, Intel,
Microsoft, and the FBI.2
The success of Wikipedia undoubtedly owes to the en-
thusiasm and commitment of Wikipedians for continuously
creating and revising Wikipedia articles. As every revision
is recorded, the collaborative knowledge building process is
well documented. As Wikipedians are in general common
Internet users and not domain experts, an interesting ques-
tion to ask is to what extent the knowledge building pro-
cess in Wikipedia follows existing knowledge bases created
by domain experts. For many domains, there exist expert-
constructed knowledge bases freely available online.3 For
example, the Terrorism Knowledge Base (TKB), to be in-
troduced in Section 3 is one of such knowledge bases in the
terrorism domain.
The answer to the aforementioned question has a few im-
portant implications. First of all, if Wikipedians rely heav-
ily on existing knowledge bases of specic domains, then
Wikipedia simply serves as an aggregate of these knowl-
edge bases, involving additional eorts of rewriting for the
targeted readers as well as eorts of bridging multiple do-
mains. The relevant articles in Wikipedia therefore may
1http://en.wikipedia.org/wiki/Academic_Research_
on_Wikipedia
2http://en.wikipedia.org/wiki/Enterprise_wiki
3In this paper, a domain refers to a relatively specic topic
such as those topical categories listed in Open Directory at
http://www.dmoz.org/.
not be of much value to experts in the respective domains.
On the other hand, if Wikipedia is built without referenc-
ing these existing knowledge bases, the knowledge covered
in Wikipedia may complement its expert-developed version.
Experts may therefore want to take input from Wikipedia
that reects the public understanding of the domain to fur-
ther improve the domain-specic knowledge bases. Sec-
ondly, the answer to the research question would also help
us to better understand the motivation of Wikipedia contri-
butions. One may argue that the motivation of Wikipedia
contributors is to participate in the collaborative develop-
ment of a large-scale knowledge base covering all topics so
as to benet all web users. On the other hand, individuals
may contribute to a very small set of articles and champion
the contributions of these articles so as to gain certain rep-
utation (e.g., article authorship) in return. Then Wikipedia
becomes the result of millions of such contributors. The
contribution focus is the knowledge coverage of individual
articles rather than the completeness of knowledge coverage
at the domain level. Lastly, the answer to the question may
aect decisions of introducing wikis in large organizations for
knowledge management, versus convening an expert team to
do so.
In this paper, we attempt to answer the question by an-
alyzing Wikipedia articles in the terrorism domain against
TKB, the knowledge base developed by experts. The analy-
sis involves the revision history of articles on persons and
groups each matching a TKB record from 2001 to 2008.
Through the analysis of matched articles, matched links,
and the ranks of the entities in the networks formed along
the time, we found that the terrorism network in Wikipedia
deviates from the one in TKB, despite many articles in
Wikipedia referencing TKB - suggesting the contributors'
knowledge about TKB.
A closer study on the contribution behavior of Wikipedi-
ans revealed that a contributor is likely to contribute to a
small subset of articles. For a given Wikipedia article, the
contributions are championed by very few active contribu-
tors, which often include the creator of the article. Such a
nding is consistent with that made in [9] through interview-
ing Wikipedians: \Wikipedia authors recognize one another
and often claim ownership of articles". This leads us to the
conjecture that the contributions in Wikipedia are more at
the article level, rather than at the topical or domain level.
Our results are obtained from a domain specic case study,
while we believe our work could contribute to a better gen-
eral understanding of Wikipedia contribution behavior. Our
methodology can be replicated in other domains.
The rest of the paper is organized as follows. In Sec-
tion 2, we provide an overview of related work on Wikipedia
contribution motivations, contribution behaviors, and arti-
cle quality. The two datasets used in this paper are described
in Section 3. The network evolution in Wikipedia compared
to TKB is presented in Section 4, followed by the analysis
of Wikipedia contribution pattern in Section 5. Section 6
concludes this paper.
2. RELATEDWORK
In this section, we briey review related work from three
aspects including the motivation of contribution toWikipedia,
contribution behavior, and evaluation of Wikipedia article
quality.
2.1 Motivations of Contribution
The popularity of Wikipedia has attracted a growing in-
terest in understanding the motivations of contributing to
Wikipedia. Most work on this topic are conducted through
surveys and interviews [9, 17, 21].
Forte and Bruckman investigated the incentives to con-
tribute to Wikipedia through two rounds of interviews with
22 volunteers [9]. The interviews reveal that Wikipedia au-
thors recognize one another and often claim ownership of
articles, despite that in Wikipedia, contributions from users
are not explicitly highlighted. Kuznetsov conducted a sur-
vey with 102 students in New York University [17]. She
found that people who consulted Wikipedia on a regular ba-
sis were more likely to contribute to Wikipedia than people
who seldom used Wikipedia. Consistent with that in [9],
it is reported that Wikipedians are often formally recog-
nized by other members of the community and are rewarded
by the community if they contribute to good articles. The
form of rewards can be Wikipedia barnstars, nominate ar-
ticles for Featured Articles or Featured Portals, or voted to
be Wikipedia administrators. Similarly, Schroer and Her-
tel surveyed 106 German Wikipedians, seeking for potential
predictors of Wikipedians engagement and satisfaction from
contributing to Wikipedia and their perceived task charac-
teristics [21]. Their results revealed that satisfaction was
determined by perceived benets, identication within the
Wikipedia community, and task characteristics (autonomy,
skill variety, etc.).
2.2 Contribution Behavior
There is currently emerging research on the characteristics
of contribution behaviors in Wikipedia through activity pat-
terns of contributors [16, 20, 23] and Wikipedia evolution [2,
3, 6, 14].
Measured by articles, words, links, or users, Voss showed
that the content on Wikipedia has been growing exponen-
tially since 2002 [24]. It is also found that the number of
unique contributors per article follows a power law distribu-
tion, as does the number of articles per contributor. Almeida
et al. [2] modeled the behavior of Wikipedia contributors as
a way of understanding its evolution over time. It is learnt
that the number of articles on Wikipedia grows exponen-
tially, which is mainly driven by the exponential increase in
the number of users contributing new articles. More impor-
tantly, most users tend to revise existing articles rather than
create new ones. They also observed that although contrib-
utors tend to have a wide range of interests with respect to
the articles they contribute to, in a single interaction with
Wikipedia, they tend to focus their contribution around a
single article.
Buriol et al. analyzed the Wikipedia link graph over time
and noticed that the link density of Wikipedia increases over
time [6]. Kamps et al. continued to investigate the dier-
ence between Wikipedia and Web link structure with respect
to their values as indicators of the relevance of a page for
a given topic of request [14]. Experimental results on two
benchmark collections (the .gov collection used at the trec
Web tracks and the Wikipedia xml Corpus used at inex [7])
indicated that the Wikipedia link structure is similar to the
Web, but more densely linked. Furthermore, Wikipedia's
out-links behave similarly to in-links and both are good in-
dicators of relevance, whereas on the Web the in-links are
more important.
Table 1: Entities in TKB and Wikipedia
Dataset Person entity Group entity Total
TKB 1464 858 2322
Wikipedia 703 340 1043
TKB \ Wikipedia 244 165 409
2.3 Article Quality Evaluation
Our work is also related to Wikipedia article quality eval-
uation. Lih gave the rst attempt in discussing how to eval-
uate Wikipedia articles in a systematic manner [18]. He pro-
posed to judge article quality solely on the metadata from
the article revision history. For example, the attributes he
utilized were rigor (total number of revisions) and diver-
sity (total number of unique contributors). His experimen-
tal results showed that these two factors could be used to
identify high quality articles. In [1], Adler and Alfaro as-
signed each contributor accumulative reputation based on
text survival and edit survival of their revisions. Reputa-
tion increased signicantly if long-lived edits were preserved.
And edits that only persist a short while in history would
gain negative reputation for their contributors. Hu et.al pro-
posed three article quality measurement models that make
use of the interaction data between articles and contribu-
tors [12]. Their Basic model was designed based on the
mutual dependency between article quality and their con-
tributor authority. The PeerReview model integrated the
reviewership into measuring the article quality. As an exten-
sion of the PeerReview model, the ProbReview models
considered the partial reviewership of contributors. Pro-
bReview model achieved the best performance compared
with all other models in their experiments.
3. DATASET
In this work we studied the Wikipedia knowledge build-
ing process in the terrorism domain mainly for two reasons.
First, terrorism is a relatively specic domain and with sim-
ple knowledge structure such as proles of persons/groups,
and records of incidents/events. Second, there exists an
expert-developed Terrorism Knowledge Base (TKB) freely
accessible online. More importantly, Wikipedians are aware
of such an expert developed knowledge base evidenced by
the citation links to TKB in Wikipedia articles. We shall
show the statistics on the reference links to TKB shortly to
support this claim. In this work, we conne our study to per-
sons, groups, and their relationships. Events are not covered
in the study mainly because of incomplete and noisy infor-
mation recorded in either TKB or Wikipedia. In the sequel,
we give a more detailed introduction of TKB and the set of
articles relevant to terrorism extracted from Wikipedia.
TKB. TKB was sponsored by the National Memorial In-
stitute for the Prevention of Terrorism (MIPT). Its online
portal (www.tkb.org) provides information on proles of
persons, groups, terrorist incidents and related court cases.
TKB was launched in September 2004 and ceased opera-
tions in March 2008. And its data was then made available
through start.4 In our snapshot of the TKB dataset re-
trieved in February 2008, 858 proles of groups and 1464
proles of persons were extracted together with their rela-
tionships. Among groups and persons, TKB provides two
4http://www.start.umd.edu/start/
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Figure 1: Articles/revisions containing reference
links to TKB in each year from 2004 to 2008
types of relationships: group-to-group (e.g., is ally of, is
founding group of, is successor of, is faction of), and person-
to-group (e.g. is key leader of, is senior member of ). Note
that, TKB does not provide person-to-person relationships.
Wikipedia. Guided by the TKB proles and a proprietary
list provided by a local research center for political violence
and terrorism research, we identied in total 340 articles
for groups and 703 articles for persons relevant to terror-
ism in Wikipedia. Among them, 165 articles for groups and
244 articles for persons match TKB proles, summarized
in Table 1. In short, there are 409 articles in Wikipedia
that each has a matched prole in TKB. For simplicity,
we use the term entity to refer to either a record in TKB
or an article in Wikipedia. Our study mainly focused on
these 409 persons/groups that are present in both TKB and
Wikipedia. The revision history of these 409 articles were
extracted from the English Wikipedia dump created in Jan-
uary 2008.5 From the dump le, in total 131,273 revisions
from more than 38K distinct contributors (excluding bots6)
were extracted for the 409 articles for the period of August
2001 to January 2008. Since the latest revision for the 409
articles was dated on 03 January 2008. The cease of opera-
tion of TKB in March 2008 has no impact on our study.
To support our earlier claim that Wikipedians were aware
of the existence of TKB, we identied the reference links to
TKB in Wikipedia revisions.7 Figure 1 plots the number
of articles and revisions containing reference links to TKB
at the yearly basis. The gure shows an increasing trend of
referencing to TKB since its launch in September 2004. By
end of 2007, nearly a quarter of the 409 articles contain ref-
erence links to TKB. The degrade of reference links in 2008
is because of the incomplete data in 2008 as the Wikipedia
dump only covers revisions till 03 Jan 2008.
4. WIKIPEDIA EVOLUTION VS. TKB
In this section, we attempt to answer the question whether
theWikipedia knowledge base in the terrorism domain evolves
by following TKB. We study the domain-specic Wikipedia
evolution from two aspects: (1) to what extent the arti-
5http://en.wikipedia.org/wiki/Wikipedia_database
6http://en.wikipedia.org/wiki/Wikipedia:Bots
7A url is recognized as a reference link to TKB if the url
starts with http://www.tkb.org/.
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Figure 2: Statistics on articles and links in
Wikipedia matched TKB.
cles/links in Wikipedia were created following that in TKB,
and (2) to what extent the network structure formed in
Wikipedia follows that in TKB.
Before jumping to the analysis, we acknowledge one limi-
tation of this study. That is, the Wikipedia knowledge build-
ing is compared against a single snapshot of TKB due to the
lack of change history of TKB.
4.1 Matched Entities
Recall that in Wikipedia 1043 articles were identied in
Terrorism domain (see Table 1). Figure 2(a) plots the cre-
ation history of these 1043 articles, i.e., the number of arti-
cles accessible in Wikipedia at the end of each month from
2001-08 to 2008-01. The gure shows that articles were cre-
ated at a faster pace from 2003-12 probably because of the
popularity of Wikipedia by then, followed by a relatively
slower pace from early 2007. Observe that in Figure 2(a), the
creation history of those 409 articles matched TKB proles
is also plotted. The gure shows that before 2003-12, there
was a high chance of a Wikipedia article that can match
a TKB record despite that TKB was not launched at that
time. One possible reason is that the articles created by
then were about relatively well-known person/group enti-
ties in the terrorism domain. More detailed study on this
will be reported in the following Section. Since 2003-12,
when Wikipedia articles were created at a faster pace, the
likelihood of newly created Wikipedia articles with match-
ing TKB records degraded. The ratio of Wikipedia articles
 0
 0.2
 0.4
 0.6
 0.8
 1
2
0
0
1
-0
8
2
0
0
1
-1
2
2
0
0
2
-0
6
2
0
0
2
-1
2
2
0
0
3
-0
6
2
0
0
3
-1
2
2
0
0
4
-0
6
2
0
0
4
-1
2
2
0
0
5
-0
6
2
0
0
5
-1
2
2
0
0
6
-0
6
2
0
0
6
-1
2
2
0
0
7
-0
6
2
0
0
7
-1
2
L
in
k
 M
a
tc
h
 P
re
c
is
io
n
/R
e
c
a
ll
Link match precision (all links)
Link match precision (without person-person)
Link match recall
Figure 3: Link match precision and recall
matched TKB records are illustrated in Figure 2(b). The
ratio is dened as the number of Wikipedia matched TKB
articles against the number of Wikipedia articles (i.e., the
1043 articles identied in the domain). The creation time is
shown on the x-axis. More specically, let ET be the set of
entities in TKB and EWz be the set of entities in Wikipedia
created by time z. The entity match ratio, denoted by EM ,
is dened in Equation 1, where j  j denotes the number of
elements in a set.
EM(z) =
jEWz \ ET j
jEWz j (1)
The gure states that prior to 2003-12, the match rate was
above 0.6 and gradually dropped to 0.4 by 2008-01. Recall
that TKB contains 2322 proles for groups/persons, the 409
articles from Wikipedia matched only 17% of TKB proles.
In short, there is a signicant dierence on the person and
group entities covered in TKB and Wikipedia respectively.
One possible reason for the low coverage of TKB records
in Wikipedia is that many group/person entities in TKB
are lesser known by the public, hence a small readership is
expected for these entities. It is reported that Wikipedia
contributors feel satised when people noticed their contri-
butions [21]. Contributors are therefore not well motivated
to contribute these lesser known entities.
4.2 Matched Links
Recall that by 2008-01, there are 409 entities appearing
in both TKB and Wikipedia. In this section, we study the
agreement on the relationships dened among these 409 en-
tities in TKB and Wikipedia respectively. In TKB, there
are 599 links relating the 409 entities. In Wikipedia, links
were created along the creation of articles.
Considering TKB as the ground truth, we dene Link
Match Precision to be the ratio of links matched TKB links
among all Wikipedia links, and Link Match Recall to be
the ratio of links matched Wikipedia links among all TKB
links. Let LT be the set of links in TKB relating the 409
entities and LWz be the set of links relating the (subset of)
409 articles in Wikipedia created by time z. Link match
precision and recall, denoted by LP and LR, are dened in
Equations 2 and 3 respectively.
LP (z) =
jLWz \ LT j
jLWz j (2)
LR(z) =
jLWz \ LT j
jLT j (3)
Figure 3 shows the link match precision and recall from
2001-08 to 2008-01 at the end of each month. A similar trend
for link match precision is observed as entity match ratio.
By 2008-01, fewer than 35% of links in Wikipedia matched
links in TKB. Recall that TKB only contains links between
person-group and group-group but not person-person. For
a fair comparison with Wikipedia, Figure 3 also plots the
link match precision for Wikipedia without considering its
person-person links. Again, a similar trend is observed with
a slightly higher link match precision. Specically by 2008-
01, about 47% links dened on person-group and group-
group in Wikipedia matched links in TKB for the same set
of person/group entities. As for link match recall, shown in
Figure 3, a slow paced increase in recall is observed prior to
2004-12. After that, link match recall increased at a slightly
faster pace. This observation is consistent with the increase
of reference links to TKB (see Figure 1) since the launch of
TKB in 2004-09. Nevertheless, among all 599 links dened
in TKB, only 65% of them were documented in Wikipedia by
2008-01. In summary, there is again a signicant dierence
among the links dened in Wikipedia and TKB for the same
set of person/group entities.
4.3 Network Evolution and Entity Ranks
In Section 4.1, we showed that only 17% of TKB pro-
les have matched articles in Wikipedia. Further in Sec-
tion 4.2, we showed that among the 409 entities both ap-
pearing in TKB and Wikipedia, about 65% of TKB links
appear in Wikipedia. Both the analysis on matched entities
and links suggest that the domain-specic knowledge base
in Wikipedia is signicantly dierent from TKB.
To visually illustrate the dierences between the networks
formed in Wikipedia and TKB, we plot the snapshots of
Wikipedia networks formed by the (subset of) 409 articles
at the end of each year since 2001 to 2007, in Figure 4. For
easy comparison, the TKB network is plotted in the last
sub-gure.
Observe in Figure 4, at the end of 2001, 13 articles were
created with links loosely connecting them. By the end of
2002, a giant component was formed consisting of majority
of the 48 articles created in Wikipedia (Fatah was the central
entity). The giant component continued to grow with more
entities added and at the same time became more densely
connected from 2003 to 2007. By the end of 2007, most en-
tities were linked within the giant component. Among the
remaining entities, a few formed a much smaller connected
component, plotted at the right upper corner. The rest of
the entities were not well connected. It is observed in the
TKB network, there were two well connected components
plotted at the left upper corner. The two connected compo-
nents, however, contained fewer number of entities than the
single giant component in the Wikipedia network. The re-
maining entities in the TKB network were relatively better
connected compared to the Wikipedia network at the end of
2007.
To quantify the dierences between the two networks of
Wikipedia and TKB respectively, we applied the PageRank
algorithm to the two networks respectively and compare
the ranks of the corresponding entities. Although PageR-
ank ranks entities according to their link structure, it has
been reported that in Wikipedia, authoritative pages (e.g.,
Table 2: Correlation of entity ranks in consecutive
years
Year No. of entities Rank correlation
2001 - 2002 14 0.150
2002 - 2003 48 0.479
2003 - 2004 98 0.632
2004 - 2005 164 0.560
2005 - 2006 253 0.644
2006 - 2007 333 0.715
Table 3: Rank correlation with creation time, num-
ber of contributors and revisions
Measure Rank correlation
Creation time 0.454
No. of contributors 0.476
No. of revisions 0.450
countries and cities, historical events and people) can be
eectively identied by PageRank [4]. Moreover, in our ex-
periments, we also found (i) that ranks of the entities in
Wikipedia were consistent throughout the years from 2001
to 2007, and (ii) ranks of entities have positive correlations
with the entities creation time, number of revisions, and
number of contributors, where the latter two factors are ef-
fective in evaluating Wikipedia article qualities [18].
Table 2 reports the Spearman's rank correlation coe-
cients derived from the ranks of the entities in consecutive
years. For instance, the last row of the table reports that,
for the 333 entities created in 2006, the rank correlation co-
ecient is 0.715 for ranks obtained at the end of 2006 and
end of 2007 by PageRank respectively. The table shows that
the ranks throughout the years were highly correlated except
between 2002 and 2001 due to the small number of entities
created in 2001. This result is consistent with the networks
plotted in Figure 4 which shows that there was no signi-
cant change in the network structure. Table 3 reports the
Spearman's rank correlation coecients between the ranks
of entities at the end of 2007 to the creation time, revision
number and contributor number of the entities. The posi-
tive correlation coecients suggest that the highly ranked
entities were created earlier in Wikipedia with more revi-
sions by more distinct contributors. In short, PageRanks
of Wikipedia entities are highly consistent during the evolu-
tion of the Wikipedia network and the ranks faithfully reect
properties of the Wikipedia articles such as number of revi-
sion and contributors (which often reect Wikipedia article
quality). In the following, we compare the PageRanks of
Wikipedia entities and TKB entities.
Although both TKB and Wikipedia share the same top
ranked entity, i.e., Al-Qaeda, the Spearman's rank correla-
tion coecient between the two rank lists is 0.270. A closer
look at the two ranks reveals that person entities are often
ranked much higher in Wikipedia than that in TKB. Among
the top-200 ranked entities, the number of person entities
are 51 and 107 for TKB and Wikipedia, respectively. There
are two possible reasons. First, the person-person links of-
fered in Wikipedia generally make person entities better con-
nected than those in TKB. In Wikipedia 25% of the links
in the network are for person-person relationship. Second,
Wikipedia entities are more densely connected with more
(a) Wikipedia 2001-12 (b) Wikipedia 2002-12 (c) Wikipedia 2003-12
(d) Wikipedia 2004-12 (e) Wikipedia 2005-12 (f) Wikipedia 2006-12
(g) Wikipedia 2007-12 (h) TKB
Figure 4: Statistics on articles and links in Wikipedia matched TKB.
than 1000 links while TKB has only about 600 links for the
same set of entities. Articles in Wikipedia often cover infor-
mation from multiple aspects such as the founder and the
history of a group, the people involved in some incidents re-
lated to a group, and relationship between groups, leading
to more links between articles.
In summary, we have studied the matched entities, matched
links and the ranks of entities between Wikipedia articles
and TKB records, reecting the public and expert view
of the same domain. Our analysis suggests that, although
Wikipedians are aware of the existence of TKB and reference
the latter, they are unlikely following the expert knowledge
base in contributing to Wikipedia. In other words, arti-
cles in Wikipedia represent the public view of the domain,
which could be very dierent from that of the experts. Note
that, our nding is not contradictory to, but complements,
the nding in [10], where a small set of 42 science-related
Wikipedia articles were evaluated against articles in Britan-
nica. It is reported that the quality of Wikipedia articles
approach that of Britannica. Our analysis is however, not
at the article level, but on a specic domain with respect to
the matched articles, matched links, and the network struc-
tures.
5. WIKIPEDIACONTRIBUTIONPATTERN
Through the analysis of the Wikipedia network evolution
in the terrorism domain against the TKB network, we learn
that the knowledge building process in Wikipedia was un-
likely following TKB, evidenced by the large number of mis-
match of entities/links, as well as the disagreement between
the entity ranks. In this section, we therefore try to nd the
cause of this mismatch through the analysis of Wikipedia
contribution pattern.
We adopt the following notations listed in Table 4 for
presentation clarity. Let ci be a contributor who has ever
contributed to a Wikipedia article aj in the domain of in-
terest. In this paper, we consider a contributor ci to make
a contribution to an article aj if he/she creates or revises
the article. The contribution of a contributor ci to an ar-
ticle aj is counted by the number of revisions made by ci
Table 4: Symbols
Symbol Semantic
A the set of articles in the given domain
aj 2 A an article
C the set contributors for articles in A
ci 2 C a contributor
Con(aj) number of distinct contributors to article aj
Rev(ci; aj) number of revisions made by contributor ci
to article aj
Rev(aj) total number of revisions received by article
aj , Rev(aj) =
P
ci2Con(aj)Rev(ci; aj)
Rev(ci) total number of revisions made by user ci
to all articles, Rev(ci) =
P
aj
Rev(ci; aj)
Table 5: Percentage of creators being the most ac-
tive contributors
Active Contributor Creator (%) Accumulative (%)
1st 32.03% 32.03%
2nd 15.89% 47.92%
3rd 7.58% 55.50%
4th 7.82% 63.33%
5th 5.62% 68.95%
to aj , denoted by Rev(ci; aj). That is, we do not further
quantify revisions by number of words added or deleted, or
other measures. For simplicity, we consider the creation of
the article to be its rst revision.
5.1 Article Revision Pattern
Before we jump into the contribution pattern of individ-
ual contributors, we rst show the distribution of articles'
contribution.
Let Con(aj) and Rev(aj) be the number of distinct con-
tributors to an article aj and the total number of revisions aj
received from these contributors. Figure 5(a) plots Rev(aj)
and Con(aj) for each article id aj specied on x-axis in de-
scending order of Rev(aj). The gure shows that for a given
article a large number of revisions are often contributed by
a large number of distinct contributors. A more closer look
at the revisions, however, reveals that the revisions of arti-
cles are often championed by very few active contributors
for each article. Figure 5(b) plots the number of revisions
made by the most active contributor, i.e., max
ci2C
(Rev(ci; aj)),
against the total number of revisions Rev(aj) for each ar-
ticle sorted by Rev(aj). Observe that the number of con-
tributions from the most active contributor to an article is
positively correlated with its total number of revisions, with
Pearson's correlation coecient of 0.775. This nding is con-
sistent with the earlier nding that Wikipedia contributors
often claim ownership of articles [9]. If an article attracts
more revisions from a large number of distinct contributors,
the contributor who claims (or intent to claim) ownership
of the article has to contribute more, leading to the positive
correlation. More interestingly, the creator of the article is
often among these very few active contributors. Table 5 re-
ports the chance of the creator of an article being the 1st
to 5th most active contributor of the article. As shown in
Table 5, nearly 50% of the creators are either most or second
most active contributor to the articles.
As only few can claim the ownership of a given article,
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Figure 5: Article revision distribution
contributors who intent to get reputation through owner-
ship of Wikipedia articles would have to consider creating
new articles and subsequently become the most active con-
tributors for these articles. This hypothesis is consistent
with the observations made in [2]. That is, the exponential
growth of the number of articles on Wikipedia was mainly
driven by the exponential increase in the number of users
contributing new articles. Following this, we would expect
that articles relevant to a domain could be created within
a relatively short period to cover most information of the
domain. However, as we have shown earlier, only 17% of
proles in TKB have matched articles in Wikipedia despite
the free availability of TKB since 2004-09. In the sequel, we
study the delay in Wikipedia creation.
5.2 Article Creation
In Wikipedia, articles may be created by a contributor
and subsequently referenced (or linked to) by other articles.
Nevertheless, some articles may be \called-for-creation" by
rst linked to by other articles before its creation. That
is, contributors of other articles believe there is a need to
create such an article. Among the 409 Wikipedia articles of
interest, 114 or 28% were\called-for-creation". Among these
114 articles, 60 of them were called for creation after 2004-
09, the time TKB was made freely online. It is interesting to
study the time delay between the call-for-creation and the
creation of these articles.
Figure 6 plots the number of days dierence between the
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Figure 6: Number of days between articles' call-for-
creation and creation
call-for-creation and the creation of the articles. The gure
states that many of the articles were created upon \called-
for-creation". For instance, 18 articles among the 60 were
created within the same day of call for creation, and 23
articles were created within one week. Nevertheless, 25 arti-
cles (almost half of 60) were created 3 months after call-for-
creation and 7 were created after a year. In short, despite
called for creation and the existence of expert knowledge,
Wikipedians were not keen to create many articles. Fur-
thermore, it is believed that for these articles, ownership
can be easily claimed without much competition with fellow
contributors. One possible reason is the lower ranks of these
articles. For these 60 articles, the average rank is 169 among
the 409 articles. These articles have limited public interest
and hence relatively small readership. Again, this is a hy-
pothesis and in the following section we will try to support
this by showing that most Wikipedians have a clear focus in
contribution, and more importantly, most Wikipedians are
keen to contribute to highly ranked articles.
5.3 Contribution Focus
For the 409 articles of interest, more than 38K distinct
contributors are extracted from the revision history. While
this is a fairly large number, only 8174 contributors each has
made at least 3 revisions to one or more articles. All our
following discussions are based on these 8174 contributors
and their revisions.
Figure 7(a) plots the total number of revisions by each
contributor Rev(ci) and the maximum number of revisions
by this contributor to a single article, i.e., max
aj2A
(Rev(ci; aj)).
The gure states that, if a contributor has contributed to a
large number of revisions, then it is likely a large portion of
these revisions went to one particular article. In particular,
the most active contributor in the dataset, with user name
Polaris999, made 1631 revisions in total and all these 1631
contributions went to a single article titled Che_Guevara.
The second most active contributor with user name SlimVir-
gin made 1032 revisions to 31 articles and among them 374
revisions went to a single article. To quantify the contri-
bution focus, we dene the notion of Focused Contribution
Ratio (FCR), denoted by FCR(ci), to be the ratio of the
maximum number of revisions to a single article against all
revisions made by contributor ci (see Equation 4). Note
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Figure 7: Contributor revision distribution
that, 0 < FCR(ci)  1 and FCR(ci) = 1 means the given
contributor has very focused contribution to a single article.
FCR(ci) =
max
aj2A
(Rev(ci; aj))
Rev(ci)
(4)
Figure 7(b) plots the FCR's of the 8174 contributors who
made at least 3 contributions. About half of the contributors
have extremely focused contribution of FCR(ci) = 1 and
all contributions from one particular contributor went to a
single article. Nearly 75% (or 6012) of the contributors each
spends more than half of his/her energy to revise a single
article with FCR(ci) > 0:5. An interesting question here
is which are those articles that have attracted the focused
contribution from these 6012 contributors.
FCA(ci) =
(
arg max
aj2A
(Rev(ci; aj)) FCR(ci) > 0:5
undefined FCR(ci)  0:5
(5)
We call such an article a Focused Contribution Article
(FCA) for contributor ci, denoted by FCA(ci), if ci has
devoted more than half of his/her revisions to this arti-
cle. Note that FCA(ci) is undened if FCR(ci)  0:5, see
Equation 5. Recall that we have 6012 contributors having
FCR(ci) > 0:5, for each of these contributors, the focused
contribution article FCA(ci) can be obtained.
Table 6 reports the number of FCA's and their percent-
ages in each dened rank band. It shows that more than
Table 6: Percentage of FCAs in rank band
Rank band No. of FCA's Percentage
1 - 10 1920 31.9%
11 - 50 1380 23.0%
51 - 100 569 9.5%
101 - 150 499 8.3%
151 - 200 504 8.4%
200 - 409 1140 1.9%
Table 7: List of top 10 ranked articles
1 Al-Qaeda
2 Osama_bin_Laden
3 Irish_National_Liberation_Army
4 Taliban
5 Hamas
6 Fatah
7 Ku_Klux_Klan
8 Hezbollah
9 Palestine_Liberation_Organization
10 Egyptian_Islamic_Jihad
30% of the FCA's were top 10 ranked articles by PageRank
(see Section 4.3). Nearly 55% of FCA's were top 50 ranked
articles. Observe that each contributor having FCR of more
than 0.5 would have exactly one corresponding FCA. Our
results suggest that most contributors have focused contri-
bution on top ranked articles. The top ranked articles are
relatively well-known entities and often heavily covered in
main steam media. Top-10 ranked articles are listed in Ta-
ble 7.
In summary, we have shown that most Wikipedians have
focused contribution biased towards certain articles of their
interest. More importantly, most of these focused contribu-
tion articles are relatively well-known articles and believed
to be consulted by a large number of readers. Having a large
readership primarily motivates Wikipedians to contribute
to these articles despite the tough competition with a large
number of fellow contributors in claiming their ownerships.
On the other hand, if an article is not believed to gain much
readership, Wikipedians are less motivated to contribute to
them although a contributor could easily claim the owner-
ship of such articles. Even though one can easily claim the
ownership of such articles, the claim is not visible to a large
audience, making such a claim less meaningful. For a given
domain, usually only a small percentage of entities are more
well-known than others. This could be the reason of the low
coverage of TKB entities in Wikipedia.
6. CONCLUSIONS
This paper studies the knowledge building process of the
terrorism domain inWikipedia against the expert-built TKB.
Experimental results on matched entities, links, and entity
ranks suggest that Wikipedians did not follow the experts
in knowledge building. For instance, many articles were not
created in Wikipedia even if information about these arti-
cles were available through TKB and there were call-for-
creation in Wikipedia. Through observing the Wikipedians'
contribution behavior, we found that most Wikipedians have
very focused contribution. Most contributions of a particu-
lar Wikipedian often went to a single article and more im-
portantly, this article is often highly ranked among the arti-
cles in the given domain. Such contribution behavior leads
to good information coverage about well-known entities in
Wikipedia but poor or even no information coverage about
lesser known entities. Our results suggest that, on one hand,
domain experts may benet from the good information cov-
erage for the publicly well-known entities in Wikipedia due
to its large contributorship. On the other hand, informa-
tion seekers may have to source for alternative information
sources other than Wikipedia on lesser known entities. For
system designers of collaborative knowledge bases, if infor-
mation coverage at the domain level is an important factor
(e.g., in enterprize wikis), alternative rewarding/recognition
systems may have to be designed to encourage contribution
about lesser known entities.
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